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(54) System end method for oteaning contaminated surfaces in on ton implants 

(57) Awmo^andsy^e^teprovic^cifofpieanlnga 
contaminated surface of a vacuum chamber, compris- 
ing means for (i) generating en ion t>eam (44) having a 
reactive species (e.g., fluorine) component (D) directing 
me ion oeam towaFd a contaminated surface 000); (m) 
neutralizing m* Ion peam (44) by introducing, into pie 
chamoer proximate the contaminated surface, a neu- 
tralizing gee (70) *encn) such mat me jon Peam 
(44) collides with molecules of the neutralizing gas, and, 
as a result of charge exchange reactions between the 
ipn oeam and the neutralizing gas molecules, creates a 
beam of energetic reactive neutral stoma of me reactive 
species; (rv) cleaning m& surface (100) py allowing the 
Peam of energetic reactive neutral atoms of me reactive 
specjos ip mact wtm contaminants to create reaction 
products; ana iv) removing from me cnamper any vcia- 
m reaction products that result, Alternative^ the 
roetnod and system include means for (i) generating an 
energetic non-reactive *enon) ion oeam (44); (fi) 
directing me non-reactive joo beam toward a contami- 
nated surface (100); (iji) introducing a cleaning gas (70) 
proximate me contaminated surface, comprised at least 
parflarty of a reactive species (a0, t fluorine) compo- 
nent; (iv) dissociating the cleaning gas using me ion 
oeam (44) to create a supply of ensrgetfc reacflye ne4- 
tral atoms of the reactive species; (v) cleaning me spr- 
face (100) cy allowing me energetic reactive neutral 
stems of me reactive species to react wrth contamlnarfis 
to create reaction product; end (yi) removing from the 
cnamper any volatile reaction products mat resyrt. 
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Rotate©; Application 

foooij The following U.S. patent appjcations ere 
incorporated by reference herein a? If tney had been 
fully set forth: Application Serial Numbers: 

^nd , 

entitled System and Method for Cleaning Sineon- 
Coated Surfaces in an (on implanter. ana System end 
Method for Cleaning Contaminated Surfaces in an ion 
implanter, respectively, Doth filed on 

Held of the Invention 

[000?] The present invention relates generally to 
tne tew o? ton impianters, ana mom specifically p en 
improved system and method for cleaning contami- 
nated surfaces of an ion implanter. 

Background of the Invention 

[0003] ion implantation nes become Pie technology 
pretened t>y Industry to dope serrrtconauaors wrm 
impurities m the large-scale manufacture of Integrated 
circuits, ion dose and Ion energy are tne two most 
Important variapies used to define an implant step, ion 
dose relates 10 the concentration of implanted Jons for a 
given semiconductor material. Typically, high current 
impianters (generally greater than i mflliarnp (mA) Ion 
peam current) are used for nigh dose implants, while 
medium current Impianters (generally espaote of up to 
about i mA peam current) are used for lower dose 
applications. 

(0004) ion energy is the dominant parameter used 
to control junction depth in semiconductor devices. The 
energy levels of the ions which mate up the ion beam 
determine the degree of depth of tfte implanted ions. 
High energy processes such «s those used to form ret- 
rograde wells in semiconductor devices require 
implants of up to a few million electron voRs (MeV), 
while shallow junctions may only demand urtra low 
eneigy <uLE) levels below one thousand electron volts 
(iKeV). 

[OOQSJ A typical ion implanter comprises three sec- 
tions or subsystems: (i) an ion source for outputflng an 
ion peam, {«) a beamiine Including a mass analysis 
magnet for mass resolving tne ion peam, and (pi) a tar- 
get chamber which contains the semiconducror wafer or 
other substrate to be implanted by the ion peam ion & 
sources in ion jmpteroers typically generate an ion 
oeam by Ionizing wftnin a source chamber a source gas 
or vapor, a component of which is e desired dopant ele- 
ment, and extracting the ionized source gas in tne form 
of an ten beam. 

[0006] Internal pans of ion implanter* located along 
tne pcamline and in the target champer may become 
contaminated by the specks being implanted during the 



course of continued operatioa Components that ere 
prone to contamination are those that the ion beam 
Impacts during processing. Along the peamUne. compo- 
nents which may become contaminated include the 
s Strfce ptatf? Inside the mass analysis magnet, accelerat- 
ing electrodes, resolving apertures, and plasma flood 
components, in the target chamber, at least in hjgn cur- 
rent "ion impjamers, target wafers are positioned on the 
periphery of an alijmlnum disk The cftsK is ootn rotated 
jp and translated past a stationary ion beam so that the 
beam implants ions into the entire surface of tne wafer. 
As a result, pontons of the dlsK not covered by a wafer 
become contaminated witn the dopant species. 
fOQOT] Pecause ion impianters are operated using a 
variety of process recipes, different types of source 
gases are run In the source to obtain Ion beams com- 
prising me desired species of dopant "tons, if, however, 
the target tfisK (or other beamiine component) becomes 
contaminated by implantation or sputtering of a species 
20 during a previous process recipe (ag., one involving 
phosphorous), a later process recipe (*.£., one involv- 
ing arsenic} m«y be adversely effected by this cross- 
contamination, for example, phosphorous which has 
been sputtered onto or Implanted into the surface of an 
& aluminum target Oisk or beamiine component may oe 
dislodged py a subsequent arsenic Ion beam, resulting 
In process contamination. 

(OOQSJ « is Known to generate an Ion beam com- 
prised of a reactive species, such as fluorine, between 
30 succesarveffir^^t processes to dean Internal portions 
of an ion implanter (see for example, U.S. Patent No. 
5,554,364 to BteW However, Biake suggests me use 
of Ionized fluorine to effect eucn cleaning, because the 
beam must be lonfced (positively) to pe transported 
as through the imptonter. The BteKe system does not sug- 
gest the use of an atomic neutral reactive species for 
cleaning ^ e internal components of an Ion imp tamer 
[ooogj Accordingly, ft is an object of the present 
invention to provide a system and method for cleaning 
*° surfaces to remove contaminants therefrom, it is a fur- 
ther object to provide a system and method for cleaning 
ihe internal components of an Ion implanter using the 
ion beam p generate reactive neutral atomic radicals of 
a cleaning gas, ft is srffl a further object of the present 
4* invention to provide eucn a system and method for use 
In cleaning either ^on-coated or unseated internal 
impianter components. 



Summary of the invention 



{0010| A method ana: system Is provided for clean- 
ing a comemfnam from a surface of a vacuum chamber. 
Tne method and system include means for (ij generat- 
ing an ion peam having a reactive species (ag„ fiuo- 
55 hne) oomppnent; (ii) erecting the ion beam toward a 
surface to be cleaned; flii) neutralizing the Ion beam by 
Introducing. Info the chamber proximate the surface to 
be cleaned, a neutralizing gas <«,$., xenon) Such that 
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tne ion beam collides with molecules of me neutralizing 
gas, end, as a result of charge exchange ructions 
between the ion beam and me neutralizing gas mole- 
cules, creaies a beam of epergetic reactive neutral 
§toms of me reactive species; ()v) cleaning (ha surface 5 
by allowing The beam ot energetic reactive neutral 
atoms of me reactive species to react with contaminants 
10 create reaction products; and (v) removing from tne 
chamber any volatile reaction products that result from 
the cleaning process. The nemrafelng gas may contain 10 
a second reactive species component, such thai the 
neutralizing gas mo teenies are associated into reactive 
atomic neutral atoms upon colliding With me ion beam. 
[001 1 J Alternatively, tne method and system include 
means for (i) generating an energetic non-reactive (e.o., 75 
*enon) ton beam; (II) directing Tne non-reactive [on 
&eam toward a surface to pe cleaned; (Hi) introducing a 
cleaning gas proximate me surface to be cleaned, com- 
prised at least partially of a reactive species (e,g., fluo- 
rine) component: frv) dissociating the cleaning gas so 
using tne ion beam to create a supply of energetic reac- 
ilvc neutral atoms of tne reactive spades; (vj cleaning 
tne surface oy allowing tne energetic reactive neutral 
atoms or me reactive species to react with contaminants 
to crew ma«iop products; and (v() removing from tne as 
chamber any volatile reaction products max result from 
tne cleaning process. Tfie waning gas may be charac- 
terised by a high sticking coefficient and Is allowed to 
collect onto and adsorp into tne surface to be cleaned 
odor to being dissociated by the ion beam. » 

Brief Description of the Drawings 

10012] 

35 

Figure 1 is a cross sectional plan view of an ion 
Implantation system into which Is incorporated one 
embodiment of a cleaning device constructed 
accorcflng 10 the principles of the present invention: 
Figure 2 is a plan view of the wafer support d«K of 40 
the ton imp&nter of Figure 1 taKen along the lines 2- 

2; 

Figure 3 is a cross sectional view of a silicon-coated 
version of the support disk of Figure 2, taken along 
the lines 3-3; 45 
Figure 4 is a cross sectional view of an uncoated 
version of the support dlsK of Figure 2, taken along 
the fries 3-3; and 

Figure 5 is an expanded detailed view of a portion 
of the ion implantation system of Figure 1 . so 

Detailed Description of a Preferred Embodiment 

[0013J Referring now to tne drawings, Figure 1 dis- 
closes an ton tmpianter, generally designated 1 o, which ss 
comprises an ion source is, a mass analysis magnei 
14, a boamfine assembly 16, and a target or end station 
18. One appflcaflon of toe present invention is in a low 



energy imp&roer, such as thai shown in Figure 1, 
wherein the beamfine assembly 16 is relatively short 
due to the tendency of a low energy beam to expand 

"wow-up") during propagation thereof* 
[OOi 4J The ion source 12 comprises a housing 20 
mat defines a plasma chamber 22, and an ion extractor 
assembly 24* The oeamiine assembly 16 includes (i) a 
resolving housing 26 which is evacuated by vacuum 
pump 28 and which contains a Terminal aperture 3P. a 
resolving aperture S2 P a flag Faraday 34. and any post 
acceleration or other electrodes which may be present 
therein; and (ii) a beam neutrajizer 36 which contains a 
plasma flood 3$, none of which form a pan of the 
present invention- Downstream of the beam neutraiizer 
36 is the end station IP, which includes a disk-snaped 
wafer support tfs* 40 upon wnicn wafers W to be 
treated are mounted. As used herein, wafer shall 
include any type of substrate, which may be implanted 
with an ion beam- 

[001 S| Energy is imparted to the ionteabte qopam 
gas or vapor to generate ions within the pjasma crtam- 
ber 22. OenereUy, positive ions are generated, afmougn 
the present invention is applicable to systems wherein 
negative ions are generated by me source. The positive 
ions are extracted through a sfit in tne plasma chamber 
22 py tne ion extractor assembly 24 whfen comprises a 
plurality of electrodes 42. Accordingly, the ion extractor 
assembly functions to extract a beam 44 of positive ions 
from the plasma chamber tnrougn an extraction aper- 
ture plate 4$ and accelerate the extracted ions toward 
the mass analysis magnet 14. 
[0016] The mass anarysis magnet 14 functions to 
paw only ions of an appropriate charge-to-mass ratio to 
the beamiine assembly i& Tne mass analysis magnet 
14 includes a curved beam path 43 which is defined by 
a beam guide or strike plate so connected to the source 
12, evacuation of which is provided by vacuum pumps 
28 and 54- The ten beam 44 that propagates along this 
path is affected fry the magnetic field generated by me 
mess analysis magnet 1 4- 

[001 7J Trie magnetic field causes the Ion beam 44 
to move along the curved beam path 43, from a first or 
entrance trajectory 56 near the ion source 12 to a sec- 
ond or exit trajectory 58 near the resolving housing 26. 
Portions 44' end 44'' of me beam 44 comprised of ions 
having en inappropriate cnarge-to-mass ratio are 
deflected away from the curved trajectory and Into me 
waits of aluminum beam guide or strike plate 50. in mis 
manner, me magnet 14 passes to tne heamtlne assem- 
bly 16 only those ions in me beam 44 that hgve me 
desired charge-to-mess ratio. 
[0O1 8] The wafer support cask 40 at the end station 
1 a is rotated by motor 62. The disk shaped support cflsk 
40, nsvlng wafers W mounted thereon. Is rotated at a 
constant angular velocity by a motor 62, and support 
disk 40 is moved venJcajry [into and out of the page of 
Figure 1} a motor S4 and a »eaa screw {not shown). 
As such, trie endre surface of a wafer may be implanted 
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py" a stationary beam whfch at any given time covens 
only « srrwui portion ot me wafer. The dteK 40 ana the 
wafers positioned thereon are confined within 3 proc- 
ess chamber housing 66 the interior cnamber 67 of 
which is evacuated by a roughing pump £8. 5 
(001 9] The present Invention may pa used io clean 
internal surfaces of components of me implanter iQ 
such as the strike plate 5Q, me apertures 30, 32 or other 
electrodes contained within me resolving housing 26, 
components of the p&sma flood 38 mat corns imo con- *° 
tact wfth the ion beam during normal operation, or the 
wafer support disk 40. The Invention is implemented Dy 
either (0 generating an ton beam with a roactive spe- 
cies, such as fluorine, and neutralizing the beam with an 
inert species, such as xenon, proximate tns area where is 
the beam strikes the surface to be cleaned, or (ii) intro- 
ducing a parent cleaning gas, such as NFg 7 proximate 
the area where the beam $th*es me surface to Pe 
cleaned, ana dissociating the parent gas using an ion 
team generated from an inert species, sucn as xenon, so 
Using either method, reactive neutral atomic radicals, 
such as fluorine, are generated for cleaning surfaces of 
desired "implanter components. 
pXBQj Annough the invention may Pe implemented 
at various locations in the Imp lamer io, as former s> 
explained oeiow. implementation at mo water support 
disk 40 is set forpi in the drawings ana fully described 
herein The wafer support disk 40 (see Figures 2 
through 4) fe made of either aluminum, or silicon-coated 
aluminum which reduces the amount of aluminum eur- 30 
face contamination during implantation processes. The 
present Indention is embodied in the form of a gas sup- 
ply 70 that interacts with an ion oeam Jo either (i) clean 
the aluminum surface of an uncoaied disk (Figure 4) or 
(8) cpntroBaoiy strip a finite layer of silicon from a silicon as 
cpated disk to remove any contaminants that may Pe 
Implanted into the layer {Figures 2 and 3). As used 
herein, the terms -erode", "clean", 'etch*, •remove 1 and 
■sm^ all refer to selective removal of contaminanre 
from a surface such as the wafer support disk 40. 40 

J Trie gas supply 70 stores a gas that contains 
a reactive component, such as fluorine, or an inert gas 
such as xenon or argon, depending upon the mecha- 
nism chosen to clean the disk 40. The gas Is supplied to 
the Interior 67 of the process chamber housing 66. Qne 4s 
example of a gas entry means is provided by a long thin 
gas inlet xupe 72 having a high aspect (lengthHcrdiame- 
ter) ratio. Gas flow from the supply 70 to the tube 72 is 
monitored and determined py control system 74. 
[0022] Gas flows into the cnamber Through me tupe #0 
72, having a longitudinal axis 76 (see Figure 5), whlcn 
passes through the process chamber housing 66. The 
tube aqs 7e Intersects at point 78 with mo trajectory 58 
of the ion peam that passes througn en entry 80 in the 
process charnper housing. By introducing the gas from s$ 
supply 70 near the location of tne impiarrjer component 
to fee cleaned, gas fknv rates may Pe minimized while 
still achieving a locaJUxa area 82 of high pressure (and 



gas concentration} within a surrounding area 84 of 
lower pressure inside the evacuated process chamber 
67. The divergence pf the gas flow from the tube 72 
lessens as the aspect ratio of tne tuPe increases. As a 
result a high gaseous concentration in localized area 
62 produces, mora reactive radcais from collisions with 
the ion beam* 

{0023] The cleaning mechanism provided by the 
present Invention involves the creation ot a high concen- 
tration of reactive atomic species of 0 cleaning gas. 
such as fiyprine, using eijner ot two mechanisms. First, 
the reactive atomic spesjas may pe created Py using a 
fluorine ion boam generated at the source 12 from a 
source gas such as NF3. BF 3 , XeF* CF 4 . SF 4 , or C?Fs, 
and directed through process chamber entry 80. Trie 
ionized beam is neutralized by injecting an Inert neutral- 
izing gas aucfi as xenon through the inlet tube 72. 
Xenon is preferred because it js inoffensive to semicon- 
ductor devices resting on the water, and because ft has 
a large c^ejge-&cnange cross-section that enhances 
the potential for collision with the ion beam, A beam of 
energetic, reactive neutral fluorine atoms is thereby cre- 
ated oy cnwge-3*chpnge reactions between the neu- 
irsfcing gas molecules end the energetic ion beam, 
JP024] a$ a subset ot mis first cleaning mecnanlsm, 
the neutralizing gas may be cnosen from one of the 
source gases lisrod above, using a gas which includes 
a reactive component (e. p. , fluorine) as the neutralizing 
gas provides additional benefits in that the neutralizing 
gas itself becomes reactive as a result of molecular dis- 
sociation effected by collision with me ion beam. 
[0025] Alternatively, on energetic non-reactive ion 
beam (e.g., xenonj may be generated at the source 12 
and directed through process chamber entry 8Q- The 
ion beam is used to impact and therapy dissociate a 
cleaning gas including a reactive component, such as 
NF3, which la introduced through the inlet tube 72. C01- 
(jejunal byproducts resulting from me impact of the 
beam with the gas create a supply of energetic reactive 
neutral fluorine atoms. 

[0026J As a subset of this alternative cleaning 
mechanism, * cleaning ga* with a high sticking coeffi- 
cient may pa Introduced through me inlet tube 72, and 
allowed to collect onto and adsom into tne surface of the 
disc 40. The energetic non-reactive ton beam may be 
used to break down tfte chemicei bonds of me adsorbed 
molecules, mere&y Associating the gas molecules 
adhering to the surface to create reactive neutral atoms. 
An example of such dissociation is me breakdown of 
inert, non-reactive CF 4 molecules into CF3, CF 2l CF, 
and F radicals, (Trie fluorine may also be provided in the 
lorm of NF3, PF* XeF 2 , S»F 4 , or CgFp gas.) 
[0027] These reactive radicals win subsequently 
react wlm contaminants to form volatile ^products that 
will desorp from the surface and be removed py pump- 
ing. 60m the surface chemical reaction and me byprod- 
uct oesorpflon are accelerated by me energy provided 
by the ion beam* Jn the case of pnospnoroua contami- 
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nant removal, the reaction byproducts will be volatile 
ppospnorous fluorides wnich can pe eastfy pumped 
away. 

[0028] The cleaning mechanism provided toy trie 
present invention may be used to clean uneoated 5 
aluminum) Internal implaroer components, or coated 
(e.0L, silicon-coated) internal impianter components. 
Also, me ton oeam may be either stationary or rastered, 
qepenefing upon me interne! component w be cleaned, 
in addition, the gas from supply 70 may be Introduced at 10 
various locations along me impmnter io, depending 
upon the internal component to be cleaned. Although 
the cleaning gas used in Dotn of me mechanisms 
described above Is fluorine, other clearing gases are 
contemplated (e.g. t chlorine). ^ 
[0023] The cleaning mechanism of tne present 
invention will now be explained in detail wltn reference 
to cleaning of a siiicon-coated support disk 40, using a 
stationary Ion beam, although Vie cleaning mechanism 
is applicable to other Impianter components. The mectv 
an ism described: is the second mechanism mentioned 
above, mat is, using an energetic norHeactjve ion beam 
(eg., xenon} generated at the source 12 ana directed 
tnrougn process cnarnoer entry 80. and using the Ion 
oeam to oissodaje a cleaning gas Including a reactive 
component, sucft as nF 3 , which Is Introduced through 
the inlet tube 72. 

[0030J As shown in Figure 2, the support di$K 40 is 
a generally circular element comprised of aluminum 
having, in this case, thirteen slightly rased oteK peaes- so 
tsis 86 in which a water vV mey be nm As shown in 
Figure 2, no wafers W are positioned on me support 
d$K. Clamping pins 88 end a stop 90 positively posi- 
tions the wafer upon me disk. A disk currant slot 92 per- 
mits a portion of me ion beam passing through the disk & 
to oa analyzed, and charge sensors 94 provide Informa- 
tion regarding wafer charging. 
[0031 ] as shown in Figure 3, the wafer support disk 
40 is coated with a layer 98 Pf silicon. The silicon covers 
me entire disk 40, except for the pedestals 88 upon «fl 
which me wafers are positioned and the portions 100 of 
me disk between and around adjacent pedestals The 
silicon layer 08 fe applied by a plasma enhanced chem- 
ical vapor deposition (PECvP) process. Su,rmet Corpo- 
ration of Burlington, Massachusetts to In the business of 4S 
povldlng such PECVD silicon coatings. As opposed to 
a plasma or flame spray application of silicon, which 
provides a highly granular surface navjng unpredictable 
etching characteristics, a PECVD application of silicon 
provides a homogenous, uniform surface grain structure so 
mat exhibits predictable etching rates. Preferably, the 
gram size is sufficiently small ana of sufficiently nigh 
density to provide sy trace finish of 
Ba = 0.3 - 0.4 micron (urn) m omer to insure predicta- 
ble uniformity and repeatability of silicon removal. ss 
(0032] The silicon coating is applied so that a layer 
having a depth of efrout 25 microns is deposited on the 
surface of me disk 40. Such a depth Is considerably 



550 A2 * 

more man would otherwise be deposited on the disk 40, 
in me anticipation ib&t a selected deptn of the layer will 
be uniformly removed (etcnedj at regular operating 
intervals using me cleaning system and process of me 
preset invention. 

[0033] Rurlng Implantation, both the wafers W 
installed on the pedestals 86. and me portions too of 
me disk between and around adjacent pedestals, are 
implanted wim dopant ions. The implanted ions within 
me portions 100 of the disk 40, outside of the wafer 
locations, may present contamination problems in sub- 
sequent implants. 

(0034] ft rtas oaen found that Implanted ions , 
boron or phosphorous) are implanted Into portions lOO 
of me disk at depths of up to about 1 0OO Angstroms (A), 
or .1 mfcron (j*fn). however, it has also oeen found that 
py removing 3 layer of silicon of only about 500 A {,05 
urn), a significant majority of the implanted species is 
removed from me disk 40, Because the silicon layer 98 
nas an or® nai thickness of aoout 25 microns (generally 
within me range of 18 - 35 microns), theoretically me 
q»K 40 may be sojppeaveteneo up to 600 times oefore 
me entire srBcon layer 98 has been eucned away. 
[0O35] The preferred gas used in supply 70 tor 
example, a commercially avauaoie gas such as NF3, 
eF 4 , CF 4 , or The use of SF$ Is also possible, 
mougb less desirawe due 10 the increased liKeiinood pf 
sulfur combination. Fa is yet another posstoie fluorine 
source, although m such a form, presents minor ban- 
diing difficulties. 

(0030] m a preferred embodiment, me fluorine-con- 
taining gas Is a non-reactive gas stored in supply 70 and 
introduced into the process chamber 67. An energetic 
non-reactive ion beam xenon or argon) impacts 
me fluonne-conmining gas to create elmer a plasma or 
other supply of dissociated reactive atomic fluorine red- 
iceis. Once me fluorine-containing gas is Associated 
into reactive atomic fluorine radicals, the reactive atomic 
fluorine radical* In the plasma react with and consume 
a porpon of the sfflcon layer 88. 
(0037] Dummy wafers DW are installed on the ped- 
estals 88 so that the wafer-supporting oomons of me 
disk 40, Whicn nave not been contaminated, are not 
cfeaned. Thus, only portions lOO of me cSsk between 
and around me pedestals 88 are subject to me silicon 
stripping process. While the non-reactive ion beam 
remains stationary, me cfck 40 is rotated and translated 
vertically so that me entirety of portions 1 00 is exposed 
to me reactive atomic species in the plasma to effects 
ate silicon stripping. 

[0038] The mecnanfsm for the controlled removal of 
silicon is believed to pe a three stop process; (\) adsorp- 
tion or me reactive atomic fluorine radicals into the sili- 
con surface; (ii) Surface reaction of me silicon with me 
reactive atomic fluorine radicals to form volatile reaction 
products such as silicon fluorides; and (pi) desorpflop of 
these reaction products Into me gas phase, in addition, 
oecauee me reaction products ere votadie and in a gas- 
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ecus phase, ipey are continuously removed from the 
process enamour 67 by me evacuation pump S3, 
[0039] in the we of a non-coat eo aluminum oisK 
(Figure 4), b contaminant 93 such as phosphorous (P) 
has been sputtered onto the disk as a result of a prior s 
Implant process utilizing a phosphorous ion beam. 
Reactive atomic fluorine radicals react with me phos- 
phorous to create reaction products phosphorous 
fluorides) Tnese volatile reactive products are continu- 
ously removed from the process charnoer 67 oy the to 
evacuation pump 63. 

(0040] in addition, at the surface of the uncosted 
aluminum, disk, tne reactive atomic ftugrine rad'icajs 
react with the aluminum to create a staple, inert layer of 
an aluminum fluoride compound XtW will remain on the is 
surface of the disK. Once such a. layer is created, the 
atomic fluorine will no longer react with the aluminum 
surface tnerepejow. This inert layer, being non-volatile, 
is not pumped our of the process chamber- Below the 
surface of the aluminum disK, no reaction of atomic flu- so 
prlne occurs, 

{0041 J Frse non-ionized fluorine atoms are fount! to 
ps the most reactive with the portions 100 of silicon 
layer 98 that are stripped {Figure 3), or with the phos- 
phorous contaminant 99 to pe removed from the dteK ?s 
(Figure 4). F 2 , and Ft and F- ions are found to pe jess 
reactive. The metnod and rate at which The reactive flu- 
orine atoms etch the silicon layer or react with the pnos* 
phorous contaminant may be carefully controlled by 
monitoring and controlling several operating parame- w 
ters. Rrst, the gas flow rate from the tan* 70 to the proc- 
ess chamber 67 may Pe controlled to determine the 
amount of gas available to pa dissociated into reactive 
fluorine radicals. The gas flow rate WW generally deter- 
mine the pressure In the process chamber 67. because 3s 
the speed of me evacuation pump 66 and the volume of 
the process chamber 67 remain fixed, 
(0042] Other factors determine the method and rate 
of «eanlng/ejening. For example, the gas introduced 
into chamber 67 may fee diluted with an Inert gas such «0 
as argon or nitrogen to reduce the amount of fluorine 
available tor cfissocjapon. The pressure at which the gas 
Introduced Into the chamber also in part *term1nes 
the rate of dissociation. Next, me k)rl beam current, 
energy and species composition may pe controlled to *s 
determine the rate of dissociation, in add-on, the dura- 
tion of time during which the silicon layer 06 or the con- 
taminant 99 Is exposed to the reactive fluorine atoms 
may be controlled, in connection with this exposure 
time, the rotation and translation speed of the dis* 40 so 
may oe controiiatty varied. A comprehensive control 
system 1 02 or separate control systems may be utilized 
to monfpr and control eome or aii of these parameters 
to precisely control tne etcn rare of me silicon layer w or 
the removal of contaminant B8. 55 
[0043] An optical emission spectroscopy (OES) 
system may pe used to monitor the constituency of the 
gases present at the surface of the oIsk within the proc- 



ess chamber housing 66. For example, if phosphorous 
contamination is present in the silicon layer 98 of e 
coaled disk (Figure 3), or on the surface of an uncoated 
dtefc (Figure 4), tfte reaction products created win be m 
me family of phosphorous fluorides 1& 9- . PR PFg, or 
PF3). At some point in the monitonng process, the 
amount of phosphorous fluorides will drop off, indicating 
that the majority of phosphorous contamination has 
been removed either from the sHteon leyer 98 or from 
me surface of the $BsR, in this manner, me cleaning 
process may oe ppumizeo so mat the process may be 
ended when tpe (evel of phosphorous fluorides falls 
below a presented level 

[0044] The invention has been described in detail 
above as an embodiment wherein an energetic non- 
reactive Ion beam (e.g., xenon) collides with an inert 
gas containing a reactive component 10. g,, fluorine) to 
create reactive atomic fluorine radicals. The present 
invention also contemplate^ me use ot an energetic, 
reactive ion beam {e.g.. fluorine) collides with an inert 
gas (e.0, f xenon) or an inert gas containing a reactive 
component TP preete me same reactive atomic fluorine 
radicals. 

10045} in addTrpon, the invention has been described 
m detail above as an embodiment wherein an Imptanter 
component (tne qfc* 40) moves wim respect to a sta- 
tionary ion Beam- The present invention also contem-- 
pJates me use of a rastered ion oeam to clean a 
stationary impianter component- In such a system, me 
control system 74 output to the motor 64 would instead 
be output to an 'm beam raster control mechanism- 
(0046] For example, a beam rastering system such 
as that shown in U.S, Patent No. 5,554,664 may be uti- 
lised to vary the magnetic field, and hence the beam 
defjecmoimy, of me mass analysts magnet 14. The gas 
supply inlet 72 may pe positioned near me magnet 
entrance, exit. Or within the cavfry. Neutral reactive 
atoms created by ooifeiQns wim the gas Introduced at 
inlet 72 will, unfflte lone, not experience a curved trajec- 
tory instead, mese reactive neutrals wM strike the sur- 
face to be cleaned ma? is located in me dVecOon that the 
ion was traveling just prior to me neutralizing event A 
wide variable area of me strike plate may be cleaned by 
varying the pressure within the magnet cavity, the 
number of resale neutral atoms striKing a particular 
surface of ma stride plate may be controlled by chang- 
ing the pressure within different areas of me magnet 
oavrty. 

p»47] For areas downstream of the mass analysis 
magnet, apertures 30 and/or 32 may be made variapfe 
in size so that me restored beam may clean a larger sur- 
face area, in thte manner, a widened aperture is made 
available for cleaning, for example, plasma flood com- 
ponents, puring norma! operation of me impianter, me 
variably steed aperture may oe reset to a more restric- 
tive position to enhance ton beam mass resolution. 
[0046] m a system that included such an ion oeam 
rastering mechanism, the gas supply 70 may pe located 
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proximate the component to bo ctesned. The cleaning 
mechanisms descnfred in dwell above would remain 
the same. For example, as explained above, to clean 
We strfte plate 50 within the mess analyst magnet 14, 
the oeam may be rastered across the strike plate and 
me gas supply may De provided with an inlet near the 
surface to be cleaned. Similarly, if apertures or elec- 
trodes within trie resolving housing 26 ere to be 
cleaned, me beam may be rasterea across sucn aper- 
tures/electrodes and me g^s supply may Me provided 
with an inlet nearby. 

[0049] Accortfingiy. a preferred embodiment of a 
method and system for selective and controlled clean- 
ing of a contaminated ion imptenier component has 
been described, wen the foregoing description In mind, 
however ft Is understood mat this description is made 
only by way of example, that the invention is not limited 
to the particular embodiments described herein, and 
mat various rearrangements, modifications, and substi- 
tutions may be implemented with respect to the forego- 
ing description without departing from the scope of the 
invention as defined py tne following claims ana tnelr 
equivalents. 



and the surface (ipo) to be cleaned Is a wafer sup* 
porting dfek (40). 

6. The process of claim 1, Wherein the surface (100) 
5 to be craned Is aJurninum. 

7, T»e process of claim 6, wherein the aluminum sur- 
face to be cleaned js silicon^coated- 

io s. The process of claim 1 , wherein the contaminant is 
phosphorous. 

9. The process of cfcjirn 1, wherein the Ion beam (44) 
is restored across the surface (i 00) to be cleaned. 

is 

m The process of ctaim i, wherein the cleaning gas 
(70) is characterized by a nigh sticking coefficient 
and « allowed to collect onto and adsorb into the 
surface (100) to be cleaned pnor to being djssod- 
20 eted by the ion beam (44). 

n. a system tpr craning a contaminant from a surface 
of a vacuum chamber, comprising. 



Claims 

1. A process of cleaning a comaminant from a surface 
of a vacuum chamber, comprising. 

(1) generating an energetic non-neactJve Ion 
beam (44); 

(ii) Greeting the non-reactiv* ion beam toward 
a surface (1 00) to be cleaned; 
(in) introducing a cleaning gas (7t>) proximate 
me surface to be cleaned, comprised at least 
partially of a reactive species component; 

(iv) dissociating the cleaning gas using tne ion 
beam (44) to create a supply of energetic reac- 
tive neutral atoms of the reactive species; 

(v) cleaning the surface (iQO) by allowing the 
energetic reactive neutral atoms of me reactive 
species to react with contaminants to create 
reaction products; and 

(vl) removing from the chamber any volatile 
reaction products that result from the cleaning 
process. 



26 



2. Trie process of claim 1 . wherein the reactive spe- 
cies is fluorine. 

3- The process ot claim i , wherein tne ipn beam (44) 
is tormed by lonfcing a inert gas. 

4. The process of claim 3, wherein the Inert gas is 
xenon- 

5. The process of cmim i , wherein the vacuum cham- 
ber Is an ion impisntation process chamber (67) 



45 



(D en ion source (12) for generating an ener- 
getic non-reactive ion beam (44); 
Cm) en extractor assembly (?4) for directing trm 
rtcuweasttve ion oeam toward a surface (100) 
to be cleaned; 

(Hi) a supply of cleaning gas (70} introduced 
proximate the surface to be cleaned, com- 
prised m least partially of a reactive species 
component, so maitne cleaning gas molecules 
ere dissociated by collisions with the Ion beam 
to create a supply of energedp reactive neutral 
atoms of the reactive species that react with 
contaminants on the surface to create reaction 
products; and 

(iv) means (68) for removing from the chamber 
any volatile reaction product? that result from 
the reaction process, 

12, The system of claim 11. wherein the reactive spe- 
cies is fluorine. 

13. The system of claim it, wherein the ion beam (44) 
$ formed by ionizing a inert gas. 



14* The system bf claim 13, wherein the Inert gas is 
so xenon. 

15. TUe system of claim n, wherein the vacuum cham- 
ber is art ton implantation process chamber (67) 
end the surface (top) to be cleaned is a wafer sup- 

35 porting rfsK (40). 

16. The system of claim n, wherein the surface (100) 
to oe cleaned is aluminum. 
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17. The system of claim 16, wherein me aluminum swr- 
face xo be ctoaned 3incon-cQaied, . 

18. The eystem of cfeim li. wherein th© contaminant ie 
phosphorous, s 

19. Tne system of claim n, further comprising a raster 
control mechanism for rasiering the ion beam 
across the surface (100) to be cleaned. 

10 

20. The system of claim n, wherein said supply of 
cleaning gas {70) is introduced Into the chamber by 
means of a gas inlet tube (72) having a high aspect 
{length-to-diameter) ratio. 

is 

21. Tne system of claim n, wherein me cleaning gas 
{70) Is characterized by a high sticking coeffjcieoT 
and is allowed to collect onto and adsorb into the 
surface 000) to be cleaned prior to being dissoci- 
ated fy the ion beam (44). so 
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